The Lax-Phillips scattering theory for the elastic equation in the half-space) by 川下, 日和子
Title半空間における弾性方程式に対するLax-Phillips流散乱理論 (スペクトル・散乱理論とその周辺)
Author(s)川下, 日和子








(The Lax-Phfllips scattering theory for the elastic equation
in the half-space)
(Kawashita, Wakako)
Institute of Mathematics, University of Tsukuba
$\mathrm{P}$ $\mathrm{S}$
Rayle h
$\mathrm{R}_{+}^{3}=\{\mathrm{x}=(x_{1}, x_{2},x_{3})\in \mathrm{R}^{3} ; x_{3}>0\}$ $\mathrm{r}$,
(1) $\{\begin{array}{l}(\rho_{0}\partial_{t}^{2}-A_{0}(\mathrm{k}))\mathrm{u}(t,\mathrm{x})=0\mathrm{i}\mathrm{n}\mathrm{R}\mathrm{x}\mathrm{R}_{+}^{3}N_{0}(\ )\mathrm{u}(t,\mathrm{x})=0\mathrm{o}\mathrm{n}\mathrm{R}\mathrm{x}\partial \mathrm{R}_{+}^{3}\mathrm{u}(0,\mathrm{x})=\mathrm{f}_{\mathrm{l}}(\mathrm{x}),\partial_{t}\mathrm{u}(0,\mathrm{x})=\mathrm{f}_{2}(\mathrm{x})\mathrm{o}\mathrm{n}\mathrm{R}_{+}^{3}\end{array}$
$\mathrm{u}(t,\mathrm{x})={}^{t}(u_{1}(t,\mathrm{x}),u_{2}(t, \mathrm{x}),$ $u_{3}(t, \mathrm{x}))$
$\prime 4_{0}$ (\ell \geq )u $= \sum_{1\dot{o}=1}^{3}$. \ell G : $(a_{ij}\partial_{x_{\mathrm{j}}}\mathrm{u})_{\text{ }}\sim=(\alpha_{pjq}.)_{n},$ $a_{1pjq}.=\lambda_{0}\delta_{-\mathrm{p}}\delta_{jq}+$
2 $(\delta_{-\mathrm{j}}\delta_{\mathrm{m}} +\delta_{q}.\cdot\delta_{jp})$ ( $\rho_{0}>0$
$3\mathrm{A}_{\mathrm{g}}+274$ >0 $>0$ ) $N_{0}(\ )\mathrm{u}=$
$\sum_{\dot{l}}^{3}\dot{c}=1\nu_{1}^{0}$. $\mathrm{j}\partial \mathrm{o}\mathrm{e}_{\mathrm{j}}\mathrm{u}|_{\partial\Omega}$ ( $\nu^{0}={}^{t}(\nu_{1}^{0}, \nu_{2}^{0}, \nu_{3}^{0})=(0,0, -1)$ $\mathrm{R}_{+}^{3}$
)
(1) Dermenjian-Guillot [1]
$c_{P}=\sqrt{(\lambda_{0}+2\mu 0)}/\rho 0$ $\mathrm{P}$ $cs=$







translation representation ( )
(1) t
Radon








(1) $\}$ Lax-Ph ps




$A_{0}\mathrm{u}=$ -\rho 0-1A0( ) $\mathrm{u}$,
$D(A_{0})$ $=$ $\{\mathrm{u}\in H^{2}(\mathrm{R}_{+}^{3};\mathrm{C}^{3});N_{0}(\ )\mathrm{u}=0\}$.
$A_{0}$ # .
$\phi_{0}^{P},$ $\phi_{0}^{SV},$ $\phi_{0}^{SVO},$ $\phi_{0}^{SH},$ $\phi_{0}^{R}$ $\alpha\in\Lambda’=\{P, SV, SVO, SH\}$
$\phi_{0}^{\alpha}$
$\phi_{0}^{\alpha,-}$ ( )
Dermenjian and Guillot [1]
Wilcox
Lax-Phillips outgoing(incoming) subspace
$S_{P}^{2}=S_{SH}^{2}=S_{+}^{2}=\{\omega={}^{t}(d, \omega_{3})\in S^{2} ; \omega 3\geq 0\}$ $S_{SV}^{2}=\{\omega\in$
$S_{+}^{2}$ ; l\mbox{\boldmath $\omega$}/l\leq BceP-} $S_{SVO}^{2}= \{\omega\in S_{+}^{2} ; |d|\geq\frac{e}{e}SP\}_{\text{ }}S_{R}^{2}=\{\zeta\in \mathrm{R}^{2} ; |\zeta|=1\}$
$\phi_{0}^{\alpha,:}=\phi_{0}^{\alpha}’:(\mathrm{x};\sigma, \omega)(\alpha\in\Lambda’, \sigma\in \mathrm{R}, \omega\in S_{\alpha}^{2})$
$\phi_{0}^{P}’|.(\mathrm{x};\sigma,\omega)=e^{\dot{l}\sigma e_{P}^{-1}\overline{\omega}\cdot \mathrm{x}}\mathrm{a}_{P}(\check{\omega}),$ $\phi_{0}^{SVO\mathrm{i}}(\mathrm{x};\sigma,\omega)=$
$\phi_{0}^{sv_{1}}’.(\mathrm{x};\sigma,\omega)=e^{:\sigma e_{\overline{s}^{1}}\overline{\omega}\cdot \mathrm{x}}\mathrm{a}_{SV}(\check{\omega})$ , $\phi_{0}^{SH}’|.(\mathrm{x};\sigma,\omega)=e^{\sigma e_{\overline{s}^{1}}\check{\omega}\cdot \mathrm{x}}.\cdot \mathrm{a}_{SH}(\check{\omega})$,
$, \cdot\text{ }{}^{t}(-\frac{\xi_{3}\text{ }{|\xi|}}\xi’,|\xi’|),\mathrm{a}_{SH}(\xi)=\frac{)\mathrm{i}}{|\xi|},{}^{t}(-\xi_{2},\xi_{1},0)\check{\omega}={}^{t}(\omega_{1},w,-\omega_{3}d={}^{t}(\omega_{1},\omega_{2},),$
$\mathrm{a}_{P}(\xi)=\xi={}^{t}(\xi’,\xi_{3}),$ $\mathrm{a}_{SV}(\xi)=$






$\phi_{0}^{P,r}(\mathrm{x};\sigma, \omega)$ $=$ $- \frac{\Delta_{-}^{P}(\omega)}{\Delta_{+}^{P}(\omega)}.e^{i\sigma e_{P}^{-1}\omega\cdot \mathrm{x}}\mathrm{a}_{P}(\omega)-\frac{\tilde{\Delta}}{\Delta}$P+P((\mbox{\boldmath $\omega$}\mbox{\boldmath $\omega$}))e:\sigma cs-l\mbox{\boldmath $\xi$}P( ).xasV$(\xi^{P}(\omega))$ ,
$\phi_{0}^{SV,r}(\mathrm{x};\sigma, \omega)$ $=$ $- \frac{\tilde{\Delta}^{SV}(\omega)}{\Delta_{+}^{SV}(\omega)}e^{:\sigma e_{P}^{-1}\xi^{SV}(\omega)\cdot \mathrm{x}}\mathrm{a}_{P}(\xi^{SV}(\omega))-\frac{\Delta^{\mathrm{S}V}(\omega)}{\Delta_{+}^{SV}(\omega)}e^{:\sigma e_{\overline{s}^{1}}\omega\cdot \mathrm{x}}\mathrm{a}_{SV}(\omega)$ ,
$\phi_{0}^{SH,r}(\mathrm{x};\sigma, \omega)$ $=$ $e^{:c_{S}^{1}\omega}‘" \mathrm{a}_{SH}(\omega)$ ,
$\phi_{0}^{SVO,r}(\mathrm{x};\sigma, \omega)$ $=$ $- \frac{\tilde{\Delta}^{SVO}(\omega)}{\Delta^{SVO}(\omega)}e^{\dot{\iota}\sigma e_{\overline{s}^{1}}\omega’\cdot \mathrm{x}’}e^{-|\sigma|e_{P}^{-1}\eta(\omega)x_{8}}\mathrm{a}_{P}(\xi^{SVO}(\sigma, \omega))$
$- \frac{\Delta^{SVO}(\sigma,\omega)}{\Delta^{SVO}(\omega)}e^{:\sigma e_{S}^{1}\omega\cdot \mathrm{x}}\mathrm{a}_{SV}(\omega)$ ,
$\mathrm{x}’$ $={}^{t}(x_{1}, x_{2}),$ $\xi^{P}(\omega)=t(\frac{c_{S}}{c_{P}}\omega’,$ $\xi_{3}^{P}(\omega))$ ,
$\xi^{SV}(\omega)$ $=$ $t( \frac{c_{P}}{c_{S}}\omega’,$ $\xi_{3}^{SV}(\omega)),$ $\xi^{SVo_{(\sigma,\omega)=}\mathrm{t}}(\frac{c_{P}}{c_{S}}\omega’,$ $\frac{i\sigma}{|\sigma|}\eta(\omega))$ ,
$\xi_{3}^{P}(\omega)$ $=$ $\sqrt{1-(\frac{c_{S}}{c_{P}})^{2}|\omega’|^{2}},$ $\xi_{3}^{SV}(\omega)=\sqrt{1-(\frac{c_{P}}{c_{S}})^{2}|\omega’|^{2}}$
$\Delta_{\pm}^{P}(\omega)$ $=$ $( \frac{c_{P}}{c_{S}})^{2}(1-2(\frac{c_{S}}{c_{P}})^{2}|\omega’|^{2})^{2}\pm 4\frac{c_{S}}{c_{P}}|\omega’|^{2}\omega_{3}\xi_{3}^{P}(\omega)$,
$\Delta_{\pm}^{SV}(\omega)$ $=$ $( \frac{c_{P}}{c_{S}})^{2}(1-2|\omega’|^{2})^{2}\pm 4\frac{c_{P}}{c_{S}}|\omega’|^{2}\omega_{3}\xi_{3}^{SV}(\omega)$ ,
$\tilde{\Delta}^{P}(\omega)$ $=$ $\frac{4c_{S}}{c_{P}}\omega_{3}|\omega’|((\frac{c_{P}}{c_{S}})^{2}-2|\omega’|^{2})$ ,
$\tilde{\Delta}^{SV}(\omega)$ $=$ $\tilde{\Delta}^{SVO}(\omega)=-\frac{4c_{P}}{c_{S}}\omega_{3}|\omega’|(1-2|\omega’|^{2})$ .
$\phi_{0}^{\alpha,r}$
$A_{0}$ :
$\phi_{0}^{\alpha}(\mathrm{x};\sigma, \omega)=\phi_{0}^{\alpha,:}(\mathrm{x};\sigma,\omega)+\phi_{0}^{\alpha,r}(\mathrm{x};\sigma, \omega)$ $(\alpha\in\Lambda’)$ ,
$\phi_{0}^{R}(\mathrm{x};\sigma, \zeta)=\sqrt{2\pi\rho_{0}}C_{0}^{R}e^{:}$ ‘cil‘ $\circ$ $\sum_{j=1}^{2}C_{j}^{R}e^{-||c_{R}^{-\mathit{1}}}‘$ ‘R(j ‘T $(\sigma, \zeta)$ .
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$\xi_{R}^{(1)}=\sqrt{1-(c_{R}/c_{P})^{2}},$ $\xi_{R}^{(2)}=\sqrt{1-(c_{R}/c_{S})^{2}},$ $C_{1}^{R}=2-(c_{R}/c_{S})^{2}$ ,
$C_{2}^{R}=-2\xi_{R}^{(1)},$ $\mathrm{a}_{R}^{(1)}(\sigma, \zeta)={}^{t}(\zeta,\cdot\frac{1\sigma}{|\sigma|}\xi_{R}^{(1)})$ , aR(2 $(\sigma,\zeta)={}^{t}(\xi_{R}^{(2)}\zeta,\dot{l}\Pi\sigma)\sigma$ .
$C_{0}^{R}$ } $| \sigma|(2\pi\rho_{0}c_{R})^{-1}\int_{0}^{\infty}|\phi_{0}^{R}(\mathrm{x};\sigma,\zeta)|^{2}dx_{3}=1$
$C_{0}^{R}$
$c_{P\text{ }}c_{S\text{ }}c_{R}$ (
Wflcox
$\{\cdot\rangle^{-\iota_{0}}\mathcal{H}_{0}=\{\mathrm{f}\in L_{loe}^{2}(\mathrm{R}_{+}^{3});.\{\mathrm{x}\rangle^{\iota_{0}}\mathrm{f}(\mathrm{x})\in \mathcal{H}_{0}\}$
$(s_{0}>1/2)$ (x) $=(1+|\mathrm{x}|^{2})^{1/2}$ . $\mathrm{f}\in\langle\cdot\rangle^{-\iota_{0}}\mathcal{H}_{0}$
$(\mathcal{F}_{\alpha}^{0}(\sigma)\mathrm{f})(\omega)$ $=$ $\rho_{0}^{-1/2}c_{\alpha}^{-3/2}(-i\sigma)(\mathrm{f}, \phi_{0}^{\alpha}(\cdot;\sigma,\omega))_{\mathcal{H}0}$ $(\alpha\in\Lambda’)$ ,
$(\mathcal{F}_{R}^{0}(\sigma)\mathrm{f})(\zeta)$ $=$ $\rho_{0}^{-1/2}c_{R}^{-3/2}(-i\sigma)(\mathrm{f}, \phi_{0}^{R}(\cdot;\sigma, \zeta))_{\mathcal{H}_{0}}$ .
$\mathcal{F}_{\alpha}^{0}(\sigma)$ $\sigma\in \mathrm{R}$ $\langle\cdot\rangle^{-\iota 0}\mathcal{H}_{0}$ $L^{2}(S_{\alpha}^{2})$
(\sigma ) $={}^{t}(P_{P}(\sigma),\mathcal{F}_{SV}^{0}(\sigma),\mathcal{F}_{SVO}^{0}(\sigma),$ $P_{SH}(\sigma),$ $\mathcal{F}_{R}^{0}(\sigma))$








$\{U_{0}(t)\}_{t\in \mathrm{R}}$ $U_{0}(t)\vec{\mathrm{f}}={}^{t}(\mathrm{u}(t), \partial_{t}\mathrm{u}(t))$
$\vec{\mathrm{f}}\in \mathcal{Y}_{\iota_{0}}^{0}=\{\vec{\mathrm{f}}={}^{t}(\mathrm{f}_{1}, \mathrm{f}_{2});\langle \mathrm{x}\rangle^{\iota 0}\mathrm{f}_{1}(\mathrm{x})\in H^{1}(\mathrm{R}_{+}^{3}), \mathrm{f}_{2}\in\langle\cdot\rangle^{-\iota 0}\mathcal{H}_{0}\}(s_{0}\in \mathrm{R})$
T0, :
$T_{0,\alpha}\vec{\mathrm{f}}(s, \cdot)$
$= \int_{\mathrm{R}}e^{-\iota\sigma}\mathcal{T}_{0,\alpha}\tilde{\mathrm{f}}(\sigma, \cdot)d\sigma$ $(\alpha\in\Lambda)$ ,
$\mathcal{T}_{0,\alpha}\tilde{\mathrm{f}}(\sigma, \cdot)$ $=$ $(2\pi)^{-1}\{i\sigma(\mathcal{F}_{\alpha}^{0}(-\sigma)\mathrm{f}_{1})(\cdot)+(\mathcal{F}_{\alpha}^{0}(-\sigma)\mathrm{f}_{2})(\cdot)\}$ $(\alpha\in\Lambda)$ .
$\mathcal{Y}_{\iota_{0}}^{0}(\subset D(A_{0}^{1/2})\cross \mathcal{H}_{0})$ $H_{0}$ T0 $={}^{t}(T_{0,P},T_{0\beta V},$ $T_{0,SVO},$ $T_{0,SH}$ ,
$T_{0,R})$ $\{U_{0}(t)\}$
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$T_{0,P}\vec{\mathrm{f}}(s, \omega)$ $=$ $(c_{P}\rho_{0})^{1/2}[\mathrm{a}_{P}(\check{\omega})\cdot(\mathcal{R}_{P}\vec{\mathrm{f}})(c_{P}s,\check{\omega})$
$- \frac{\Delta_{-}^{P}(\omega)}{\Delta_{+}^{P}(\omega)}\mathrm{a}_{P}(\omega)\cdot(\mathcal{R}_{P}\vec{\mathrm{f}})(c_{P}s, \omega)$
$- \frac{c_{S}^{2}}{c_{P}^{2}}\frac{\tilde{\Delta}^{P}(\omega)}{\Delta_{+}^{P}(\omega)}\mathrm{a}_{SV}(\xi^{P}(\omega))\cdot(\mathcal{R}_{S}\vec{\mathrm{f}})(c_{S}s, \xi^{P}(\omega))]$ ,
$T_{0,SV}\tilde{\mathrm{f}}(s, \omega)$ $=$ $(c_{S}\rho_{0})^{1/2}[\mathrm{a}_{SV}(\overline{\omega})\cdot(\mathcal{R}_{S}\tilde{\mathrm{f}})(c_{S}s,\check{\omega})$
$- \frac{\Delta^{SV}(\omega)}{\Delta_{+}^{SV}(\omega)}\mathrm{a}_{SV}(\omega)\cdot(\mathcal{R}_{S}\vec{\mathrm{f}})(c_{S}s,\omega)$
$- \frac{c_{P}^{2}}{c_{S}^{2}}\frac{\tilde{\Delta}^{SV}(\omega)}{\Delta_{+}^{SV}(\omega)}\mathrm{a}_{P}(\xi^{\mathrm{S}V}(\omega))\cdot(\mathcal{R}_{P}\vec{\mathrm{f}})(c_{P}s, \xi^{SV}(\omega))]$ ,
$T_{0,SH}\vec{\mathrm{f}}(s, \omega)$ $=$ $(c_{S}\rho_{0})^{1/2}\{\mathrm{a}_{SH}(\check{\omega})\cdot(\mathcal{R}_{S}\vec{\mathrm{f}})(c_{S}s,\check{\omega})$
$+\mathrm{a}_{SH}(\omega)\cdot(\mathcal{R}_{S}\tilde{\mathrm{f}})(c_{S}s, \omega)\}$ ,
$T_{0,SVO}\vec{\mathrm{f}}(s, \omega)$ $=$ $(c_{S} \rho_{0})^{1/2}[\frac{(c_{P}/c_{S})^{2}(1-2|\omega’|^{2})^{2}}{\Delta^{SVO}(\omega)}$




$\frac{c_{P}^{2}}{c_{S}^{2}}\frac{\tilde{\Delta}^{SVO}(\omega)}{\Delta^{SVO}(\omega)}\{(\begin{array}{l}z\ae es^{\omega’}0\end{array})\cdot(\tilde{\mathcal{R}}_{P}^{+}\tilde{\mathrm{f}})(c_{P}s, \frac{c_{P}}{c_{S}}\omega’, \eta(\omega))$
$+ (\begin{array}{l}0\eta(\omega)\end{array})\cdot(\tilde{\mathcal{R}}_{P}^{-}\tilde{\mathrm{f}})(c_{P}s, \frac{c_{P}}{c_{\mathrm{S}}}\omega’, \eta(\omega))\}]$ ,
$T_{0,R}\vec{\mathrm{f}}(s, \zeta)$ $=$ $(c_{R} \rho_{0})^{1/2}\sqrt{2\pi\rho_{0}}C_{R}^{0}\sum_{j=1}^{2}\{C_{j,R}^{(1)}(\begin{array}{l}\zeta 0\end{array})\cdot(\tilde{\mathcal{R}}_{R}^{+}\vec{\mathrm{f}})(c_{R}s, \zeta,\xi_{R}^{(j)})$
$+C_{j,R}^{(2)}(\begin{array}{l}01\end{array})\cdot(\tilde{\mathcal{R}}_{R}^{-}\tilde{\mathrm{f}})(c_{R}s,\zeta,\xi_{R}^{(j)})\}$ .
R $\tilde{\mathcal{R}}_{\alpha}^{\pm}$ :
$\mathcal{R}_{\alpha}\vec{g}(s$, \mbox{\boldmath $\xi$} $)$ =c |R0g1 $(s, \xi)-\partial_{\iota}\mathcal{R}^{0}\mathrm{g}_{2}(s,\xi)$ $(\alpha=P, S)$ ,
$\overline{\mathcal{R}}_{\alpha}^{\pm}\tilde{g}$ $(s, \xi’,\xi 3)$ =c l2R\tilde 7gl $(s, \xi’, \xi_{3})-\partial_{\iota}\tilde{\mathcal{R}}_{\pm}^{0}\mathrm{g}_{2}(s, \xi’,\xi_{3})$ $(\alpha=S, R)$ .
$\mathcal{R}^{0}\mathrm{h}(s, \xi)=\int_{\{\mathrm{x}\in \mathrm{R}_{+^{j}}^{\}\mathrm{x}\cdot\xi=\iota\}}\mathrm{h}(\mathrm{x})dS_{\mathrm{x}}$ Radon
$\tilde{\mathcal{R}}_{+}^{0}\mathrm{h}(s,\xi’,\xi_{3})$ $=$ $\frac{1}{\pi}\int_{\mathrm{R}}\dotplus\frac{\xi_{3}x_{3}}{(\xi_{3}x_{3})^{2}+(\xi\cdot \mathrm{x}’-s)^{2}},\mathrm{h}(\mathrm{x})d\mathrm{x}$,









$(c_{SV}=c_{SVO}=c_{SH}=c_{S})$ $\mathrm{u}_{\alpha,l}(t,\mathrm{x})$ $\mathrm{u}_{\alpha,l}(t, \mathrm{x})$
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$(l=1,2)\iota \mathrm{x}\backslash \mp’\acute{\mathrm{t}}\overline{\mathrm{T}}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\Phi k\mathrm{f}\mathrm{f}\mathrm{l}^{\mathfrak{h}\backslash }\vee \mathrm{C}\mathrm{t}^{\backslash }A^{-}\mathrm{F}\sigma)\ddagger\check{\vee \mathit{2}}[]_{-}-\mathrm{g}\mathrm{R}^{-}\mathrm{C}^{\tau\backslash }\mathrm{g}o_{0}$
$\mathrm{u}_{P,l}(t, \mathrm{x})$ $=$ $\int_{S_{P}^{2}}\{\mathrm{a}_{P}(\check{\omega})(\partial_{s}^{l-1}T_{0,P}\tilde{\mathrm{f}})(c_{P}^{-1}\check{\omega}\cdot \mathrm{x}-t, \omega)$
$- \frac{\Delta_{-}^{P}(\omega)}{\Delta_{+}^{P}(\omega)}\mathrm{a}_{P}(\omega)(\partial_{s}^{l-1}T_{0,P}\vec{\mathrm{f}})(c_{P}^{-1}\omega\cdot \mathrm{x}-t, \omega)$
$- \frac{\tilde{\Delta}^{P}(\omega)}{\Delta_{+}^{P}(\omega)}\mathrm{a}_{SV}(\xi^{P}(\omega))(\partial_{s}^{l-1}T_{0,P}\vec{\mathrm{f}})(c_{\overline{s}^{1}}\xi^{P}(\omega)\cdot \mathrm{x}-t, \omega)\}dS_{\omega}$ ,
$\mathrm{u}_{SV,l}(t,\mathrm{x})$ $=$ $\int_{S_{\mathrm{S}V}^{2}}\{\mathrm{a}_{SV}(\check{\omega})(\partial_{s}^{l-1}T_{0,SV}\vec{\mathrm{f}})(c_{\overline{s}^{1}}\check{\omega}\cdot \mathrm{x}-t, \omega)$
$- \frac{\tilde{\Delta}^{SV}(\omega)}{\Delta_{+}^{SV}(\omega)}\mathrm{a}_{P}(\xi^{SV}(\omega))(\partial_{s}^{l-1}T_{0,SV}\tilde{\mathrm{f}})(c_{P}^{-1}\xi^{SV}(\omega)\cdot \mathrm{x}-t, \omega)$
$- \frac{\Delta^{SV}(\omega)}{\Delta_{+}^{SV}(\omega)}\mathrm{a}_{SV}(\omega)(\partial_{s}^{l-1}T_{0,SV}\vec{\mathrm{f}})(c_{\overline{s}^{1}}\omega\cdot \mathrm{x}-t,\omega)\}dS_{\omega}$ ,






- $\frac{\tilde{\Delta}^{SVO}(\omega)}{\Delta^{SVO}(\omega)}\{(_{0}^{\frac{c_{P}}{es}\omega’})\int_{\mathrm{R}}K_{S}^{+}(t+s;\mathrm{x}, \omega)\partial_{s}^{l-1}T_{0,SVO}\tilde{\mathrm{f}}(s, \omega)ds$
$- (\begin{array}{l}0\eta(\omega)\end{array})\int_{\mathrm{R}}K_{S}(t+s;\mathrm{x},\omega)\partial_{s}^{l-1}T_{0,SVO}\tilde{\mathrm{f}}(s,\omega)ds\}]dS_{\omega_{I}}$ .
$\mathrm{u}_{SH,l}(t,\mathrm{x})$ $=$ $\int_{S_{SH}^{2}}\mathrm{a}_{SH}(\omega)\{(\partial_{s}^{l-1}T_{0,SH}\vec{\mathrm{f}})(c_{\overline{s}^{1}}\check{\omega}\cdot \mathrm{x}-t,\omega)$
$+(\partial_{s}^{l-1}T_{0,SH}\vec{\mathrm{f}})(c_{\overline{s}^{1}}\omega\cdot \mathrm{x}-t,\omega)\}dS_{\omega}$ ,
$\mathrm{u}_{R,l}(t,\mathrm{x})$ $=$ $\sqrt{2\pi\rho_{0}}C_{0}^{R}\{\sum_{j=1}^{2}C_{j,R}^{+}\int_{S_{R}^{2}}(\begin{array}{l}\zeta 0\end{array})$
$\int_{\mathrm{R}}K_{R,j}^{+}(t+s;\mathrm{x}, \zeta)\partial_{s}^{l-1}T_{0,R}\tilde{\mathrm{f}}(s, \zeta)dsdS_{\zeta}$
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$+ \sum_{j=1}^{2}C_{j,R}^{-}\int_{S_{R}^{2}}(\begin{array}{l}01\end{array})\int_{\mathrm{R}}K_{R_{\dot{\mathrm{J}}}}^{-}(t+s;\mathrm{x}, \zeta)\partial_{\iota}^{l-1}T_{0,R}\vec{\mathrm{f}}(s, \zeta)dsdS_{\zeta}\}$
$C_{1,R}^{+}=C_{1}^{R},$ $C_{2,R}^{+}=-2\xi_{R}^{(1)}\xi_{R}^{(2)},$ $C_{1,R}^{-}=-C_{1}^{R}\xi_{R}^{(1)},$ $C_{2,R}^{-}=2\xi_{R}^{(1)}$ ,
$K_{S}^{\pm}(s; \mathrm{x},\omega)=\frac{1}{\pi}\frac{X_{S}^{\pm}}{(X_{S}^{+})^{2}+(X_{S})^{2}}$ , $K_{R_{\dot{\theta}}}^{\pm}(s; \mathrm{x}, \zeta)=\frac{1}{\pi}\frac{X_{R_{\dot{\beta}}}^{\pm}}{(X_{R_{\dot{\theta}}}^{+})^{2}+(X_{Rd}^{-})^{2}}$ ,





$\mathrm{L}^{2}(\mathrm{R};\oplus_{\alpha 6\Lambda}\mathrm{L}^{2}(S_{\alpha}^{2}));\pm s<0$ $k(s)=0$ }
outgoing(incomimg) subspace
$D_{\pm}^{0}$
3 $\vec{\mathrm{f}}\in H_{0}$ $D_{\pm}^{0}$ $\pm t>0$
(4) (5) :
(4) $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}P[(U_{0}(t)-U_{0\beta R}(t))\tilde{\mathrm{f}}]_{1}\subset\{\mathrm{x}\in \mathrm{R}_{+}^{3} ; \pm c_{S}t<|\mathrm{x}|\}$,
(5) $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\mathcal{P}[U_{0}(t)\vec{\mathrm{f}}]_{1}|_{xs=0}\subset\{\mathrm{x}’\in\partial \mathrm{R}_{+}^{3} ; \pm c_{R}t<|\mathrm{x}’|\}$
$U_{0\beta R}(t)=U_{0},svo(t)+U_{0,R}(t)$ , $P^{t}(u_{1}, u_{2}, u_{3})=$ ( $u_{1}$ , u2)
Dermenjian and Guillot [1] \Re
1
$D_{\pm}^{0}=$ { $\tilde{\mathrm{f}}\in H_{0}$ ; $U_{0}(t)\tilde{\mathrm{f}}=0$ in $|x|\leq\pm cst$ }
$D_{\pm}^{0}$ Rayleigh
evanescent
4 $\vec{\mathrm{f}}\in H_{0}$ (a) (b) :
(a) $\pm t>0$ $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}U_{0}(t)\tilde{\mathrm{f}}\subset\{\mathrm{x}\in \mathrm{R}_{+}^{3} ; \pm c_{R}t<|\mathrm{x}|\}$ .
(b) $\tilde{\mathrm{f}}\in D_{\pm}^{0}$ $T_{0,SVO}\tilde{\mathrm{f}}=0$ $T_{0,R}\tilde{\mathrm{f}}=0$ .
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$|\mathrm{x}|\leq\pm c_{R}t$ $U_{0}(t)\vec{\mathrm{f}}(\mathrm{x})=0$
5 (1) l $D_{\pm}^{0}$
$D_{\pm}^{0}=$ { $\vec{\mathrm{f}}\in H_{0}$ ; $U_{0}(t)\tilde{\mathrm{f}}(\mathrm{x})=0$ in $|\mathrm{x}|\leq\pm c_{R}t$ }
$\text{ }$
.
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